histories. Among miners receiving spirometry, smoking status (categorized as ever smoker or never smoker), height, and weight were obtained. Body mass index (BMI, kg/m 2 ) was calculated using the miner's measured height and weight. Coal mining tenure was the sum of reported years of underground and surface mining. We retained data from each miner's most recent ECWHSP encounter. ECWHSP is part of a national surveillance program with a non-research designation, and is exempt from NIOSH Human Subjects Review Board approval (11-DRDS-NR03).
| Medical testing
NIOSH technicians administered chest radiographs in the ECWHSP mobile unit. Radiographs were classified according to the International Labour Office (ILO) International Classification of
Radiographs of Pneumoconiosis
7 system by at least two certified NIOSH physician B Readers. 8 Our surveillance definition of CWP was a profusion of small opacities subcategory 1/0 or greater, while progressive massive fibrosis (PMF), the most severe form of CWP, was defined as the presence of large opacities (>1 cm;
category A, B, or C). 7 Spirometry was administered by trained NIOSH technicians using a 
| Radiograph results
A total of 103 (2.1%) miners had radiographic evidence of CWP ( Table   1 ). The prevalence of CWP differed across regions (P < 0.0001). The 
| Spirometry results
Of the 5605 miners included in spirometry analysis, 524 (9.3%) had abnormal results (Table 2) . A total of 213 (10.3%) and 160 (10.2%) of miners in the eastern and interior regions, respectively, had abnormal spirometry, compared to 151 (7.7%) of miners in the western region.
An obstructive pattern of impairment was more common among miners from the interior region (4.2%), while the eastern region had the highest prevalence of restrictive and mixed patterns (6.3% and 1.0%, respectively). The prevalence of a restrictive pattern of impairment differed across regions (P < 0.0001). Among the 70 miners with CWP and at least 10 years of tenure who performed spirometry, 14 (20.0%) had abnormal spirometry, compared to 10.2% of miners without CWP and at least 10 years of mining (P = 0.0080). | 515 low participation in the routine surveillance program. This is the first report on respiratory morbidity among these miners by region, using 10 years of ECWHSP data.
| DISCUSSION
Among the regions included in this analysis, we found miners in the eastern coal fields to have a higher prevalence of CWP, PMF, and miners with a restrictive pattern of lung function impairment. Although the prevalence of CWP and PMF in the eastern region (3.4% and 0.5%, respectively) is lower than that observed in central Appalachia, it is consistent with previous studies showing an increased CWP burden among coal miners in Appalachian mining states. 5 Miners in the eastern region were older, had longer tenure, and were more likely to have worked in underground coal mines, which partly may explain the higher prevalence of CWP and PMF in this region.
All miners with high quality spirometry results, regardless of reported tenure, were included for lung function analyses. Previous studies have found an association between inhaled coal mine dust and chronic airway disease. 15, 16 Miners whose lung function is affected by coal mine dust exposure tend to experience larger declines in FVC and FEV 1 during the early years of their career, after which losses can
continue, but at a lower rate. 17 This study found that miners with at least 10 years of tenure and evidence of CWP had twice the prevalence of lung function impairment, compared to miners of the same tenure and normal radiographs. This finding supports recent studies of underground coal miners which found an association between increasing profusion of opacities and decreased lung function.
5,18
Our results are in line with previous studies that have demonstrated higher prevalences of CWP and PMF in the eastern coal fields. Higher disease prevalence has been associated with coal rank, mine employment size, mine seam height, and mining practices. 3, 13, 14, [19] [20] [21] These risk factors differ across mining regions, and likely play a role in the differences in CWP prevalence and lung function impairment we observed in this report. However, it is important to note that our study found that both underground and surface miners working in each of the U.S. coal-mining regions have developed CWP and lung function impairment. Because CWP is a disease of long latency, we restricted analysis of radiographs to miners with at least 10 years of tenure. However, among those with fewer than 10 years of tenure, we identified 11 cases of CWP; this finding merits further attention.
This study is subject to limitations. The ECWHSP is a voluntary, targeted surveillance program. The participating miners were not a random sample of all U.S. coal miners, but rather, worked in areas with low participation in the CWHSP. Reasons for participating in the ECWHSP are not completely understood, but a previous study reviewing the potential biases found that ECWHSP data did not have a higher prevalence of CWP compared to the routine surveillance system. 22 By using ECWHSP data, we were able to characterize respiratory morbidity among these understudied coal mining regions. Some of the ECWHSP data including coal mining tenure and smoking status were self-reported, which could have led to misclassification for these measures. We also assigned miners to mining regions using the location of employment at the most recent ECWHSP encounter, and it is possible that some miners worked a majority of their career in one region and moved to a different region in their most recent ECWHSP visit.
Although the entire burden of CWP, and a portion of the lung function impairment, is preventable through effective control of respirable coal mine dust, 15 
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